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Abstract
The acoustic cavitation of D 2 0 is measured using an ocean optics
ultraviolet spectrometer. Walls of a container were constructed for the
D 2 0 using 2mm thick by 6 cm long quartz cylindrical cavity. The upper
and lower transducers are silver plated piezoelectric quartz crystals.
Compressing a Teflon seal between the piezoelectric crystal and quartz
tube creates a watertight seal. Argon is bubbled through the solution of
D 2 0 to replace any other existing dissolved gases, as single bubble sonoluminescence is known to work best with dissolved noble gases. The con tainer is immersed in the D 2 0 and sealed using a cap . A standing wave in
the cavity causes cavitations of the fluid which captures a seeded bubble of
argon. Once the bubble collapses, the emitted light spectrum is measured
using an Ocean Optics ultraviolet spectrometer. By measuring the emitted
light spectrum a close approximation of the actual temperature can be
obtained. However, as water is opaque to ultraviolet light, this may provide only a lower limit. If the temperature is high enough ( approximately a
few million K), fusion neutrons may be emitted, which will be measured in
a future experiment planned to take place in collaboration with Yale
University.
Introduction
Sonoluminescence is the transduction of sound energy into light
energy, mediated through the presence of bubbles within the liquid supporting the sound field.1 This simply means that as sound waves are
pumped into the bubbles, the bubbles collapse and a continuous range of
wavelengths of light are emitted. There are two basic sources of light emission. First light may be produced by quantum energy transitions and seco nd by heat or blackbody radiation.2 The light that will be emitted from
th e bubbl es is expected to be from blackbody radiation. R. P. Taleyarkhan,
et al. proposed th at nucl ear fusion exists via the cavitation of a bubble in
D 2 0 .3 It was determined from a literature search that the best possible
150
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method for producing nuclear fusion from sonoluminescence is single
bubble sonoluminescence.4 The goal of this experiment is to construct an
Apfel single bubble sonoluminescence resonator to verify the results of R.
P. Taleyarkhan.5
Single Bubble Sonol umin escence
Sonoluminescence involves a medium that may contain multi bubbles6; however, the main concern of this paper will be single bubble sonoluminescence. Si ngle bubble sonoluminescence occurs at the pressure antinode of a standing wave in water. 6 In the middle of this standing wave, a
small ( 100 microns) bubble is formed that will collapse at every oscillation
of the standing wave. Upon collapse, high temperatures (-30,000 K) are
achievable inside the bubble7 This experiment consists of studying acoustic
cavitation by using an ocean optics ultraviolet-visible (UV-Vis) spectrometer and later concluding whether theorized neutrons actually are emitted .
An Apfel resonator4 will be used to cavitate a bubble in a solution of
D 2 0. In a solution of D 2 0 there exists a wide variety of dissolved gases
from the air that can interfere with the experiment. It is necessary to
remove all of these gases so that the experiment will be a success. Since
argon is close to a perfect gas and almost completely inert, it will be
sparged into the liquid in order to displace the other extant gases. A standing wave in the cavity will produce resonance. When argon gas is seeded
into the solution of D 2 0, the bubble will be captured by the standing
wave. As the bubble collapses, light is emitted. This light spectrum can be
measured via the UV-Vis spectrometer in order to obtain a close approximation of the actual temperature inside the bubble. Deuterated water,
D 2 0, is opaque to ultraviolet light so the temperature measurement may
only provide a lower limit. If the temperature is high enough (-few MK),
fusion neutrons may be emitted, which can later be detected by the Yale
Neutron Ball in a future experiment.
Blackbody Spectrum
Blackbody radiation is a source of light that gives a continuo~s
range of wavelengths. An example of a good source of blackbody radiation is the sun. If a spectrophotometer is directed at the sun, it is easy to
see the broad bands of color that would come through the instrument.
The blackbody spectrum of the sun can be fit to a 5780K curve 011 a·
graph of radiation intensity as a function of wavelength. Wien's law_ .
demonstrates that the maximum of this curve is in the visible sp~ctrum
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Figure 1
Figure adapted from Comins and Kaufman8

(Figure 1 ). From left to right, the bands represent: blue, blue green,
green, yellow, orange, and red. The light that is given off from this experiment is from blackbody radiation and therefore is expected to fit a blackbody spectrum (Figure 1 ). As the temperature increases the spectrum will
shift the peak intensity to the shorter wavelengths.
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Figure 2
Adapted from Rolfs & Rodney9
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The Gamow peak is the convolution of the deuteron MaxwellBoltzman distribution and the columbic barrier giving the most probable
energy for a molecule to tunnel through (Figure 2 ). The MaxwellBoltzman distribution shows the probability distribution of the kinetic
energy of the molecule. As the temperature increases, the tail of the peak
will shift farther to the longer wavelengths. The further the tail of the peak
shifts to longer wavelengths, the greater the probability of fusion. The
Gamow peak shows the most probable energy for fusion .
Nuclear Reactions
When D 2 0 is placed in the cylindrical cavity there are two nuclear
reactions that can occur:

(50 %)
(50 %)

2

2

3

H+ H~ He + n

The neutral deuterium atoms are from the D 2 0 in the cell. As shown in
the above equations there is an equal probability of the reaction occurring
in each reaction path. Equation 1 is not measurable in this experiment
because all of the products are charged particles, 3H + p+, which are
quickly stopped in the D 0. Equation 2 has one charged particle 3 He,
2

which stops in the D 2 0, and one uncharged particle, the neutron, which
may pass through the heavy water and be detected.
Neutron Detectors
As mentioned above, neutron detectors (Figure 4 ) are a crucial
part of the experiment. Each of the detectors was constructed at Yale
University in 1989-1990.3 They are made of liquid scintillator contained
by aluminum cans, located in the bottom of the detectors pictured below.
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Figure 4
The solution in the cans is a liquid scintillator, NE213, a solution of naphthalene dissolved in xylene. The detectors are hit by two particles, a photon and a neutron. The photon knocks out an electron when it interacts
with the NE213 while the neutron knocks out a proton when it interacts.
The proton is almost 2000 times heavier than the electron and therefore
produces a slower speed as well as a slower pulse of light. The PMT converts the light pulse into an electronic pulse, and the pulse shape discriminator is used to distinguish between proton and electron events (Figure
5 ). The peak on the left is a gamma ray peak made by the electronic pulse
of the electron and the peak on the right is a neutron peak. The gamma
ray peak is much higher due to the highly reactive charged gamma particle
and low probability of a neutron reacting (Figure 3).

Figure 3
154
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Since two different peaks are obtained from the emission of gamma particles and neutrons, a figure of merit can be applied to the peaks versus peak
width.3
Bubble Dynamics
The bubble is collapsing at a frequency of approximately 25kHz,
in which every other wave node will induce the collapse of the bubble
(Figure 4).
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Figure 4
Adapted from Ketterling4

The bubble's radius continues to expand as the wave goes through an antinode and just as the bubble reaches its maximum radius it collapses in a
time frame of approximately a few picoseconds. Upon the collapse of the
bubble an intense flash of light is produced . The bubble's radius versus
time peak can be modeled using Ketterling's equation ( equation 4 )
derived from the Rayliegh-Plesset equation (equation 3). In these equations pis the density, r is the radius, r is the first derivative in respect to
time, r is the second derivative of the radius, is the pressure next to the
bubble, p .. is the pressure at some infinite point in space away from the
bubble, vis the viscosity, o is the surface tension, Cw is the speed of
sounds in water, H is the minimum diameter of the bubble, Y is the polytropic constant, and Pgas is defined in equation 5.
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Apfel Resonator
We are in the process of constructing a new Apfel resonator (Figure 5)4.
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Figure 5
Figure provided by Ketterling (private communication)
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Once the resonator has been constructed it will then be used to verify
Ketterling's results in light water. In the experiment that is performed
using light water (H 2 0) no nuclear reaction occurs, and therefore, no
neutrons are emitted. Once it is verified that the apparatus is working correctly, heavy water (D 2 0) will be used to search for the nuclear reactions.
Conclusion
The best method for the production of single bubble sonoluminescence and for the theoretical production of neutrons was concluded to
be an Apfel resonator. The currently proposed re-design for the experiment is shown below (Figure 6).
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Figu re 6

This design was made to allow for better seeding of the bubble
and to prevent the collection of gas within the resonant cavity thus changing the resonant frequency. After the results are duplicated for heavy water,
it wi ll then be necessary to optimize the apparatus for the maximum temperature of the luminescence, as the final goal of the experiment is to max157
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imize and measure the multiplication energy of the luminescence. Most of
the research will be performed at GC&SU, with the neutron measurements to take place at Yale University.
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